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¥ore recently (Kul'vanovskiy et al. [9]), thers is evidence
that still further refinement of the techaiques for sti the -
dloslectrical activity of neural specimens ias taking place (dee
Pig. 3) This F-shaped wet chamber consists of a thin, glass hous-
dng the sise of which can be adjusted to conform to individual ex-
perimental conditions and problems. Ths main feeturs of such &

Pig. 3. Vet _chanbex Cor
studying the bioelecrtric
activity of neural specimnna

-

" chasber is the freedom of recording nerve bioputentials under .
virtually normal, in vivo corditions. Ia their experiments, the
authors used wet chambers with the folloving dimensions: 5-am glass

* tubing 15 m long with 2-mm projections for the insertion of platinum
electrodes. The electrodes are tightly fixed in the orifices of the
F-projections and are looped at the ends. The loopa are 2 »a in dia~
meter and the distance Detween electrodes ia 5 umm. These sixyly con-
structed chazbers guarantee constant electrical contact with the nerve

and ngy be placed smong the organs and tissuss containing neural specimsnn.,

8ince danage to the specimen cen be avoided through the use of wet
chabers, and since temperature and humidity integrity are assured

by the surrounding organs or tiassues, the prolonged viability of neural
structures is possible, Vhile the u;’wpne.ttion of such a system in xicro-

ware research is not meationed, it seems likely that the
w 2£5nd application here if the sppropriate housing materials were

As earlisr atated, relatively few definitive in vivo and
especially in vitre investigations on the neural effects of EMF'a
have been reported Ly the Soviets, Kholodov [10] studied the effocts
- of WP (1000 v/m) on neuronally ieolated sections of the cerebrun and

of rebbits. Exposure duration ves 2--3 min with 20-=40-min
als between exposures, Kholodov compared his results with the
Bloelectrical activity of intact brains and found that the latent
glod of the reaction of a neuronally isolated cortical specimen to
vas 27 sec, as opposed to 53 sec for an intact brain. The WP
sot duration for the former was shorter (1—5 min) than for
the latter (1520 min). Xholodov did not speculate whether these
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| effects vere of a thermal or nonthermal naturs and this could not
be ascertuined from the irradiation parameters described. However,
. the resul%s of this study are consistent with other, parallsl in-
vestigations vhich have shovn neural excitation to be characteristic

of the response i microvave-range M'q. . ‘

Perhaps the best controlled and most definitive research on
: the effects of microwaves on specific neural functions is reflscted
in a yeport by Yu. I. Ksmenskiy [11], vho studied the functional
state of the frog nerve n, {echiadious, durl;! exposure to pulsed
and continmwous 10=—12,.5-cu vaves (1=—11 mv/cw®). In this study, he
first determined the thermal parametera of the microvave regimens
used and selected an intensity of 11 mu/cm?, vhich vas sufficient
to increase the temperature of the neural specimen by 1°C after an
sxposure of 20—30 min., The effects of continuous microwaves (12.5 om,
- - 11 ms/cal, exposure duration 20 win) were studied in the first series.
In 34 tests, no reliable changes in threshold sensitivity were noted.
- . 'The author did note, howvever, increased conduction rate, abbrevisted
. absolute and relative refractory phases, and altered action current
- smplitude, which be juiged to be of a thermal nature,

Most intereating vere his tests with pulsed microwaves (10 cm,
1 msec pulse, 700 pulses/sec, exposurs duration 20—30 min). Here, & -
definite increase in peural conduction and excitability was observed
and was juiged to be a result of the nonthermal (specific) effect.
His reasson for this conclusion was that at a frequeacy of 700 pulses/sec
(pulse interval 1.4 msec) there vas a summation of nsural shifts. The
pulsed intensity of radistion bere wvas 1400 times greater than the mean
level of intensity during contimwus irradistion. Also, &t frequencies
of 100 and 200 a/sec, the pulss interval (510 msoc) wes too
great to result in mumation, ‘Finally, the 0.2°C increase obssrved
- in specimen temperature during pulsed irradiationr could not explain
the five~ to tenfold incremsat in conduction rate over valuss cb-
tained vhen specimens were phiysically heated. . Thus, definite, re-
ocordable shifts in neural excitatioa wers obaerved auruc pulsed -
10-ca~viave irradiation which could not be observed during coatiswo _
. irradiation, The results of this investigation suyppurt the widely o
beld Soviet viev that pulsed microvaves are more biologically active :
- - --in the neural sense than continwus (nonpulsed) microwaves. :

* Curiously, there is no svidence that Ksmensikly has continued
vesearch along these lines since 1964, However, another approach

vhich has recently received more attention is boing pursued by
Presaan [12],vith vhon Kemenskiy has collsborated in the past [8].
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In [12] Premman studied the effects of pulsed and continuous
Denl2, 5=cl VAVES OR the so-called exritable systam of parsmecia. as
possible approach to revealing the nonthermal mechanisms of micro-
e offects on higher neural structures. He had previously demon-
Rrated that paramscia, vhen exposed to s~c and d-¢ currents, ex- .
ibited an "elsctric shoek reaction® (ESR) at certain threshold doses.
2 this study, he exposed paranecia located in a polystyrene chamber
d vith & bay infusion and attached to the microvave generator o
pntinuous, 12.5-ch vaved in doses of one per second (dose duratior
100 meec). Thim parsmetor resulted in a reaction similar to the
SR, A second series vas exposed to pulsed (200700 pulses/sec) -
O-ca vaves with 7=50 msoc durations once per second., This para~
or_ rovesled that the mean pover threshold values for pulsed micio-

o
- oy,

ves were higher than for contistwus microwave valuea. As in

iyts study with the frog nerve [11]), a cumilative effect vas

Dt Sroman used the bams pirussters Kmenskly ueed i tsteperte . .

ihat Preamen’ same s in lds -
nts. Since both these researchers collaborated in the design of

for these neurally orierted studies, it is entirely possible

both used the sume hardvery,

- Preman's third and fourth series of investigation vers deaigned

o ascertain vhether microvaves sensitised parsmscis to electrical cur-
nts, It was found that microvaves decreasned the threshold voltage
cosaury to evoke un ESR. The suthor interpreted these results, to-
sther vith the fact that heating did not exceed 1.5°C in any meries,

2 $ndicate the nonthermsl effect of microwaves, MNis arguments against -
therml explanstion of the mechanism of the cbserved microvave effects
e as followss 1) excitation threshold values for pulsed and con-

mous aicrovaves were a function of the quadratic root of their dose

.
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on or seriess and 2) virtually no relsticaship between pulsed -. e @
hreshold pover and vas noted. Presman was satisfied that s T
Als approach and the data obdtained in this study would help to clarify S

mschanism of microvave sffects on the "excitabls® (noural) struce
Tes of higher animals. : .

Preszan's results hive closely paralleled Xamenskiy's, despite
4ifference in the specimens studied. Since Presman and Kamenskiy -
(or sti11 are) collaborators, the sume -approaches to the problems
P neural reacticns to microvaves have been employed. All of the -
Audies treated in this section, including Presmen's and Kanenskiy's,
ongly favor the theory that the mechaniem of microwuve effects on
wural or neural-like structures is nonthermal, based on experiments

A8 Vhich threshold or noathermal field intensities wers investigated.

; » Vhile ore might expect that the interesting results of the atudies
ftioned here weuld lesad to an increased resesrch effort in thia arca,
SNOT® has been no recent perceptible increase in the number of articles

>ted to this problen,
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4 In vivo newrul effects

- - A large complemont of the Soviet research community devoted .
to the neural effects of microvave-rangs EMF's has used a more in-
direct approach to the problem. Here, the function or behavior of
the wvhole organism or parts of it are stulled during the action of
various BMF irradiation paramsters (local or whole-body irradiation).
External, or functional patterns are deduced to reflect internal
nyural effects in the adsence of uny investigation of the neural
structure itself, As regards the problea of classifying microvave
asural effects us thermal or nontheraul, the results of many invest-
igations are doubtful in this respect inusmuch as the biophysical,
chexical, and aven thermal parameters of allegsd nonthermsl effects
have not beon invostigated, Another drawback of this indirect
: npproack is the Aifficulty (if not adeolute impossidility) of deter-
© .. mning jtst how much microveve energy has reached’ the neural struc-
- - tures in question, This prodlem of comparative, in vivo/in vitro
tissue do is of open coacern to many Soviet researchers,
Presean [5,6,13] in particular. The geaeral consensus is that com-
prebonsive research nn this problem is sbsoclutely necessary if the
specific mechanisns of EMF effects are to be revealed. MNonstheless,
the majority of Soviet researchers in this £ield feel that the be-
havioral and functionsl spproach to studying EMF effects is a valid
one in that it is possible to ocbesorve trends in biological responses
to EMF's vhich clearly differ from responses to other, bstter under-
stood stimuli, Therefore, this saction will reviev soms of the more
recent works supporting this belief.

As far tack as 1960, Presman [13] concluded that “Experimental
stuldies in the Soviet Union and sbroad have clearly indicated that,
along vith a thermal effect on the living organisam, microvaves also
have a so-called 'specific! effect® (a term that Presman coined him-
self). Functional shifts have been obeetved in the nervous and
cardiovascular g::-o, as well as hematological and metabolic changes
resulting from chronic exposurs to 10—12-cm UHF at nonthermsl in-
tensities of 5—10 mi/ca?, He was cautious enough to F int out that,

" "The effective (medical) spplication of a specific effect of micro-
vavas is possible only if the mechanisms of such an effect have been
fully established,” . . , .

It should be mentioned here that many different microwave
research-oriented groups are active in this approach to revealing
the behavioral and functional mechanisms of EMF effects. In fact,
it is safe to sxy that hyglenists (both military and civilian),

13
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walologists, blologists, and theorsticians have at one time
ngaged in, oF still are pur microwave research on animals

ind their various systems. - R . o

) ) D
Gozodstakaya [14], representing the active Ukrainian
p at the Bo lats Institute of Physiology, studied the
octs of SUF (3 om, pulse frequency 577 cps, power deasity
Dok v/ca®) on the benavior of mice (and their progeny) situated
0 ca from the generator. 7o "eliminate™ thermal offects; con~
»al snisals were convection-heated in an incubator for 15 min
s temperature of 52°C had been attained. Thls tcaperature
’ paralloled microvave-induced texperature incresss.
Borodetakays found that SHF had a more pronounced effect than .
t on the geaital orgsns, and thorefore on thy progeny of ir- B '
diated animals, and that female animals vere more sensitive
» SHY in this respect. Changes induced by convectional hest in -
matopoistic organs vere less severe than SiF-induced changos.
DP interest relative to the neural offects of the wave range vas
o fact that the eaperimental animals exhidited mors pronounced
aditioned-reflex reactions in the form of negative responses
A the controls, These reactions were found to be woat pro-
nced 1mmedistely after the termination of irrediation. While

e

""_, m

Jicontrol anizmls on the second day, while for SHP-irradiatsd animals,

t took five days. Gorodetskaya therefore concluded thet SHP has . I

ore pronotnced effect than convectisa hoat. The results of this ‘

stuly support the "specific® effect theory of Premman [5,6,13], )

alse sxzport the widespresd Soviet opinmion that miero- .

¥e8 &re very active oally, Notuithstanding the fact that . .

a "hot* (0.2 v/ axperiment, neural and other responses - : :;:_ =

T obaerved that cou'd not be explained Yy a purely thermal effect. . .
1s tharefore possidle tost the nonthermal or specific effects of - . . :

mlcrovave EMI"s can be cbserved even under highly thermal microvave "

Another representative of this growp, Faytel'berg-Blank [15] ) o
investigated the effects of 12.6-cm WP (70 v for 10 min) on gastro- . ;
intestinal glucose grocesses of isolated preparaticns - '
from doga and rabbits, rtunatoly he did not describe the radia-
tion parameters of the experiment in much detail. Yor instaace, it
could not be ascertained how far the preparations were located froam .
:h‘ generator, vhat the pover density of the field around

he preparations vas, vhother pulsed or noopulsed microwaves wers
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used, vhat the thermal parameters of the specimens studied vers,
- and therefore, vhether the effects objesrved were of a thermal or
.. boptbermal na’ure. ... e o

o . .
Soaem L T e Wt T T e e

Innervated, partially denervated, and completely denervated
specimens were invostigated and the results were processed using s
metlod of variation statistics. Faytel'berg-Blank found that a
ton~minute exposure of the epigastral region to a 70-v, 12.6~-cm
vave £ield did not alter intestinal glucose adsorption in a dog
whoss solar plexus had been eliminated, He concluded that sym~
pathetic nerves, the solar plexus in particular, participate in
the transmissioa of a microwave effect from the epigastral region -
<o the intestinal region. The vagosympathetic aystem also plays -
a substantial role in this respect. When vagosyspathetic nerves

. are blocked at neck level, the stimmlating effect of WHF om re-
o is impeded, Vhen spinal ganglia are dlocked, UHP slightly
_ elevates the level of resorption but to a lesser degree than whea

the ganglia are intact. The role of akin receptors vas also :Iu-

. . onstrated. Thus, not only peripheral neural elements of the

tract, but aleo central nervous mechunisms were cbserved to bde
#osponaidle Jor transmitting UHP effects., Hawever, since some
shifts in resosption were cbeerved even in denervated specimens,
Fayteltberg-Blank proposed that humoral factors ars also affected
by UHF. In an attespt to furthor reveal UHF mechanisms, he studled
coll respiration in the specimens and found that UHF caused a shift
in this function also. He speculated that this might be a reflex - .
vesponse (X uwcting or controlling neursl elements) or evidence

of a direct UHPF effect on the cells. .

The reaults of Faytel'berg-Blank's study are difficult to
interpret. Hovever, the stimulatory effect of UHP on neural struc-
tures again vas observed. This agrees with the results of sost
other investigations so oriented. .o .

Another resorption study ves conducted by Yatsenko (16], who
- investigeted the effects of a 20-min exposure to 12;6~cm waves ({0 v,
. 0o values for pover flux deasity or the distance of the preparation
froa the 5-6-cn electrodes of the "Luch® generstor given) on the
absorption of radicactive phusphorus by knee-joint syncvial. mem~
branes. This function was stixdied in roramsl animals and those with
severed spinal cords. Absorption activity vas found to increase
during the uction of UHF. Spinal cord elimination anlons retarded

. absorption, waile under the effects of UHP, synovial absorption
increased, Yatsenko felt that this was asvidence of a direct UHF
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effect on synovial receptors and cited Paytel'borg-Blank [15] . -
relative to the offects of UHF on peripheral nerves., Agaln, -~
gince no thermal parmmters vere mentioned in this study, it is

unsafe to speculute that this stuly demonstrated the specific ... . :

effect of UHF on central or peripheral neural fungtion, ™ - - = ™

.- PP . el
Semerov [17] better described the redistion parsimeters ia
aa investigation of the thermodynamics of innervated and denervated
‘Pemoral tissues in rabbits exposed to 12.6-ca vaves (150300 mi/ca?,
presumubly & monpulsed field, 10-min exposure durstion, 3=, 4{~, and -
-24=hr intervals betveon exposures). This vas clearly a hot exper—
‘iment and the author described in detuil typical teaperature-increase
valuos for femorul tissue during irradiation. Scmenov attributed .
* & thermal cumalation or summation effect to neuroreflsctory processes
~ 4n the contral nervous system., To test this Mbgqo;kg__mmud
animils and increased power density from 150 t0300 su/cw and found
that the cumulative thermal effect was almost entirely precluded, He
vas therefore sutiasfied that sufficiently intense UHF fields are
sowerful stimulants which disrupt normml CXS adeptive procssses, por-
ticularly tissus thermoregulation. Regrettsbly, he did not cospare
the offects of UHF with the effects of convection or local haating
%0 udd further strength to his conclusions. Hovever, his study must
}omeonsidord us further evidence that microvuve EMF's affect CNS
ctions. 8

. comEve saa

#n -y

Using another approach to the prodlea of revesling microvave
. aeural mechanisms, Pukhov [18] investiguted the effects of neuro-
tropic druga (caffeips and medinal) on the viability of mice exposed
to thermal (50 ms/car’), nonpulsed, 12,6-~cm vaves from a Luch-58 ther- . .
speutic generator. Exposure durations were 10 and 15 min, or the : L e
tine necessury to kill the animals, Animels were irradiated 10 min, :
60 min, snd 24 kr following medinal injection and 60 min after caf-
felne injection. Pukhov found that caffeine, owing to its CNS stim-
effect, statistically decressed the viadility of irrediated
s or, depending on the dose .administered, resulted in no change.
administered 24 hr prior to irradiation increased the viability
of animuls owing to its hypothermic effect. He could only conclude
from this stuly that the mechanism of microwave effects on CNS func-
tions requires further study. Here, the thermal (50 mw/cal) doses
Used wvould render difficult any concrete conclusion as to the speci--
fic effects of microwaves, especially nonpulsed waves, which Ksmensicly [11]
422 Presmun [5,6] feel are basically thermal in their effect. Howsver,

, @ ves .
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this study wvould indicate that nompulsed, thermal, 12.6-cm waves
did bav) an excitatory effect on the CNS. - - - :

"'~ In an intereisting article by Malakbov [19]), the effects of
vesk, ponthernal doses of UHF on conditioned reflexss vere con-
- sidered fyom the standpoint that such fields might plsy an im-
portant role in actually triggering reflexss. Malekhov feels that

fee me s wa

_ this prodlem is germane to the hypotheais that UHP, or microvave

range fields, might act as "inf rmation carriers® of extraseasory
sigoals (see the conclusions and discussion of this report).

- - To test this hypothesis, he attespted to develop conditioned
refleaxes to.a 13,7-ca UHP thli (20 mu/ca?) in mice by using 20-sec
conditioned (UHF) signals and 15-sec unconditioned signals. Re-

.| #ponses vere-recorded oscillographically. The results of this ex-

periment vere dissppolnting in that reflexzes to WHP, vhile deson-
strable, vere characterised by a long periocd of developmect, inste~
bility, a short residual effect, and rapid extinction, This same
trend vas observed by Kholodov.[10], vhose studies will be discusned
in more detail in the next section. Malakhov could only conclude
that veak UHF fields are of little “informative® (stimulatory) valus
tO mssmulian CNS patterns. He dld stute, howevar, that his results,
vhile digippointing, deserved further investigution and that various
animals (species not given) can serve as indicators (sensors) of
microvave-range EMP's,

In a very recent article, loshak [20] described an interesting
sxperiment conducted o reveal the cosbired effects of pulsed WHF
(1.0 mu/ca?, other radiation parameters not given) and lonising radi-
ation (180-kv x-rays, 900-r vhole-body doss) oa white rats. Hare,
three groups of males wers irrsdisted dally (2-hr exposure durstion)
30 times. The first group vea locally (head only) irradisted vhile -
the second group was vhole-body-irradiated by UHF, The third growp
vas used as a control and vas irradiated by x-rays only.

: The results of this study did not show preliminary microvave
irradistion to have any protective effect, although loshak, on the
basis of other studies (mot cited) hed felt it might). He found, in
fact, that pre~UHP exposure actually resulted in a more rapid mortal-
ity of xz-ray-irradisted animals in both groups. The survival time

. for locally, pre-UHP irradiuted animals vas 17.1 + 3.2 days, for
vhole-body-irradiated animals, 11.9 ¢ 1.0 days, and for control animals,
0.8 + 2,1 dsys. Thus, decreased resistance to x-rsys ves the end

product of nonchermal UHF exposure. Loshak attributed these results .
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to t!» effects ot' UHF on hematopoietic structures, which in t!da -
‘study vould imply that theso orgass are even more seasitive tgvi-
decimeter-vave radiation than neural structures ia view of the ¥ :-
maximm wortality of uinle-body-irradiated animals, loshak tated
that the lifespuns of these arimals indicated hantopohue uju-,
{especially of the bone marrow). «’.- 1

Unfortunately, loshak's article appeared in abstract ton,
making it difficult for the reader to draw agy coacrete aonclutoa_,,
eipecially those relative to the role of the CKS in this ltﬁy " Rowte
ever, the fact that the growp of locally (heed only) irradiated’aai~
mals also shoved decressed resistance to x-rays is of interest,:If,
as Loshak stated, hematopoietic injury vas responsidle for decreased
resistance %0 X-rays, an explanation ia needed for the decreased ' ;-
(though not ﬂrﬂuany 80, 0.8y 17.1 ¢ 3.2 Gays va, 20.8 ¢ 2,1
days) resistance of cerebrally irrediated animals, Adove all, th.
faoct that such a demonstrable biologica) gffect was ocbaerved in :: " -
response to such a lov-istensity (1 mv/ca®) decimeter-wave £4ed4 ' -
uth-?nwuumthnqlun siace it would indicate o
"gpecific® (nonthermal) bioiogical effect of BHF. Loshak's cdisrva~
tions also support the geasral Soviet opinion thet pulsed llmvnu
are highly active in the biological sense.

1'-"

T~ o, g

- it Mdul 10 s STMmsren &0 o
v. .
..



. - ——
Y . PRSI . B R TP Y a2 o NRIL ) ] - e ot DL Lt 21 o
AL . .. - B

5. Reural effects ¢f lowv-frequency electromagnetic and
. megnetic fields - w <

. —r -

; This section vill briefly reviev scme recent research on the
. . nsural effects of 'sub-microvave-range EMP's and constant magnetic -
. -... fields, This arvea of research is of interest (with respect to mag-

. netic fields in particulsr) bacause Kholodov 26,271, who {s now
active in magnetic field research, is also actively interested in
research on the neural effects of microvave-range EMP's [10],

Vhils research on lov-frequency Or very-low-frequency EMP's -
has been rather linited in scope and quantity, it is spperent from
the rescarch of Petrov [21] (1929), vho initiasted couprehensive re-
search in this area, that Soviet interest in the biological effects
of EMFts has had a-long history. Petrovislast article in 1952 [22)
denonstrated a veak and unstsble reflex resction to a lov-frequency
EMP., Since then, Sazonova's research [23,24] ard Plekhanov's recent
study [25] are the only indication of a continastion of Petrovis
approach, T

Sazonova [23) investigated the neural functioz of rabbits exe

posed to a 50-cps EMF geperated by tuu 10-M transformers through

x 500-ma electrodes separated by 1200 mm, Each transformer

rated a 65,000-v Tield, The n. tibialis merve (in vivo) vas
tudied using an argcgraphic setup vhich wade it possidle to load
the pavs of the aainmuls with weights. Traiuning prior to experimente- )
tion required one month, The field intensity ranged from 3001000 v/cm.
He found that these EMF paremeters hald a deleterious effect on motor .
function end that the effect of s 1000-v/ca ficld vas more resdily
spparent than the effect of a 300==400-v/ca f1eld,

In ber second study [24], Sazonova contimed to investigates - - -
the role played by the central mervous system in the motor aciivity
of rabtbits exposed to the ssme 50-cps EMP, Here,she used stimulatory
a inhititory neurotropic drugs: (d4basol, novocsin, mminaziie) as &
Bthod of better revesling the neural mechanisme of the EMP effect,
Aninals were irresdiated one hr dally, six days per week, for a wonth, -~
In this study, a 100,000-v/s field vas used, She found that inhiditi »
of the reticular forumation (tests with aminazine), or eliminstion of( -
other neural pathvays (novocain) delayed EMP-induced fatigue, Ene '
bhancement (didasol) of CNS activity resulted in more rapid fatigue.
Sazonova thus felt thatshe had demonstreted un EMP effect on the cen.
tral nervous system relative to its participation in motor functions,
It s interesting that the results of this study are similar to-the
results of some wmicrovave experiménts vhich indicate a s
effect of EMP's on neural structures, Perhape, as Osipov suggested
4n 1965 (32], a wide wave range of EMF's have a more or less analogous
effect on the central nervous system,

19 .
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More recently, Plekhenov [25] studied the effects of a love

that the mechanisms of the reception of this EMF range are to be

found in the retina and skin receptors, the latter being specific

EMP receptors, He concluded, however, that any living cells,
especially neural cells of the brain, are EMF receptors, end that

the mechanism of intracellular reception might be physical and chemi-
cal in nature, The possidility that EMP effects might be analogous

t0 wveak doses of ionizing redistion vas not discounted, This would _ -
render the lov-frequency EMP a monspecific stimulus, .

3 .- As-T0 the effects of magnetic fields on “excituble" and neural

- structures, it is notevorthy that Yu, A. Kholodov [26,27], the lesding
Soviet apokesaan for this research effort, has also vedn active in re-
search On the nsural effects of microwave-range EMF's [10]. In many
respects, the approaches to investigating the neural mechaniems of
nagnetic field effects have paralleled the aches to the microwave
prodlem. Kogan et al, [28], like Presman {7], studied the behavior of
paremecisa in cepillary tubes exposed to magnetic fields of 160--180 oe,
fventy to thirty time moasurements vere.made before, 60--80 during,
snd 2030 after the sction of the magnetic fields, It was found that®
paranecia preferred the south pole of a megnet, that magnetic effecis
vere gradusl, and that those effects persisted after removal of the

. fi¢ld, The effect Of a mugnetic field vas found to be a function of

~.  ita strength, Kogan did not use Presman's spproach to this problem,

" .in that he did not study the sO-called electric shock reaction, He

" ... concluded that the megnetin effects he observed might be extracellu-

L. .lar in nsture (physica) and chemical changes in the medium), and that

> ‘his extracelluler phenomenon might serve to explain the effects of

% Negnectism on the functional state of organs and tissues. [ogen 414 .

%Y . 00t dlscount the poesibility that magnetic fieids might dlrectly

sl - affect intracellular processes although he did not speculate on the

. §ossible mechanisms of such effects, Kogan did not cite Presman's

¥+ study {7) por 414 he Aiscuss the so-called excitable system of -

Li. Darmnecia, T | ’

’ Kholodov [26] reviewed the results of some of his investigations
on fish, frogs, and rabbits exposed to intermittent (50-cps) magnetic
fields ranging in intensity from 1 to 1000 oe (average, 100--300 oe).
He found that pigeons 414 not dsvelop conditicied reflexes to magnetic
fieldas, viile fish did,  He felt that reflaxes were affected by nag-
. Dbetic f1elds via the diencephnlon or diencephalic structures (he also
»i Wentioned these structures as EMP receptors in his microvave research

intect enimals and 63% of the time in neuronally isola*~d samples. .
His gproéch here vas analogous to his 1964 microwave study and, inter-
ostingly enough, the results vere similar in showing a magnetic field
‘-.“ be a dfrect stimulus .of the centrol nervous system, However, the

-

R . 20

frequency (735-ke) EMP on buman conditioned reflexes to cold, using : -~
a plethysmographic technique which he felt was the best approach tes
cause of its sensitivity, A porttble dlathermy generator wvas used, - . -
He found that vben field voltage vas varied from 220-=330 w7/m .  .:iur-

Sl e v S maire g oa
. -

(110 mv/m varistion), s conditicned reflex wvas poted vhich vas - - i
attritutable only to the variation in field voltege, e spec'mted--{ig

ﬁo ] E5G's shoved magnetic reactions by rabbit brains 53% of the time
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effects of other factors in this study should not be discounted
since, as Xholodov pointed out, varisble (50 sps) magnetic fields
- Were No N oo . .

2 7 - In the ssme investigation, Kholodov studied the impulse
.~ activity of. 23 1solated -corticel neurons, ' He could not dstect any

¥ change in thef¥ background activity during exposure to his magnetic
field parsmeters, btut diid pote that their sensitivity to light 4n- , -
creased during, end one min after the action of the field, While ‘ S W e
Kholodov was cautious in pointing out that the muber of neurons
studied vas insufficient to drav any concrets conclusions, he nen-
tioned that a morphological analysis of glial cells shoved them to
be highly sensitive to magnetic f1elds (he A1d not specify whether -
he meant constent or verisble fields), He suggested that the bio-
physical mechanisms of magnetic field effects on neural structures
night vell be slucidated by tracing the chemical activity of glial
cells, the trophic functiocn of vhich is generally accepted,
Kholodov plans further research on this epproach, :

Tt vill be interesting to see how (1f at all) Kholodov's
magnetic field research affects trends in future microvave research
in viev of his active interest in the latter,

Recently, Chizhenkove {29], as if in response to Kholodov's
research, investigated the EEZ activity of rabdbits with chroaically
implanted electrodes (sensorimotor area of the right cerebral hemise
phere) exposed to 300-oe constant magnetic fields, Activiiy before,
during, and after the action of the field was monitored usiaog six
animals in 604 tests. He observed a definite stimulatory effect of
the magnetic field and shoved dthat it vas not a function of switching
the field on or off, He would not speculate on vhich CRS structure
vas & specific receptor of EMP's, end suggested that his future
efforts would be devoted to comparing magnetic effects with those of
veak doses of fonizing radiation., This might imply that Chizhenkova

- 48 unsure vhether magnetic fields have a cpecific effect on neural
structures,

, In his most recent communique, Kholodov [27] discissed the
biological effects of magnetic fields in terme of space biology and
. medicine, He proposed the use of magnetic, antiradiation fields for
spacecraft and also stated that experiments have shown that fluctua-
tions in magnetic field intensity shorten the lifespan of rats, in-
crease the human flicker-fusion threshold, and affect the orienta-
tion of unicellular slgae, higher plants, insects, mollusks, fish,
and dirds, Such fluctuations also afféct the general health of people,
as reflected {n hospital statistics, Increassed magnetic field in-
tensity stimulates wotor activity, decreases sensitivity to some
stimull, and affects EEG activity, Conditioned reflexes to a magnetic
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£1e13 can be developed in fish, tut not in pigecns or ratbits

(3espite the alleged effects of magnetic fields onm the furcer).

fuman visuel images are altered during exposure to a magnetic .
£ield under the influence of hypnosis (see the discussion at the e Y
end of this report) and mescaline, Xholodov restated his belief R RN Loy o
that megnetic fields primarily effect glial cells, as reflected s -

4n ipdividual peurcn activity (perhaps he vas referring to his .
1965 gesearch, although he 4id not cite any publications inm this e
peper), He also stated that "magnetically treated water bas a . |
vioclogical affect,” slthough he Aid not discuss the mechanisms R
or pathvways of this slleged phenowenon,

In general, it would appear from Kholodov's statements and
research that the effects of low-frequency EMF's and magnetic
£401ds (especially intermittent opes) have a direct effect on neural

.

A

_structures, and that these effocts are similar to those produced by PSR

' gonthetual microvave intensities, It will be extremely interesting ' oLl
"¢to see vhether Kholodov's vievw that the diencephsalon and glial cells - - - . - s
are specific EMP and MP receptors will be borne out by future Soviet ‘ E

. yesearch, . .
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" 6. cnm.en, therapeutte , and hyg:.enic aspects

Soviet concern for the actual effect of dcmm ﬂnﬂ EMP'S
on humans has been no less intense than their theoretical interest
An these fields, Moxeover, this report will shov that the last two
years (emeh.ny 1566) have yielded a dramatic increase {n the '
volume of material devoted to the therspeutic, clinical, and ..:
especially hyglenic nspects of human exposure tO microvaves and
even magnetic and electric fields. Presently, the chief spokesman
for hygiens 1s Yu. A, Osipov [32].

Othervise, smaller and more isclated groups are sporunedly

active in this field, Atanelishvili [30), for example, compared :.

the effects of various physiotherapsutic procedures on human wotor -

response t0 light, The effects of UHF, dialhermy, and pine baths.,

wvere investigated, No UHP radiation paramcters were descrihed, A

total of 71 patients vith gastric disorders was examined, 4l of

vhou received UHP therapy. Atanelishvill found that UHF stimulated -
__motor reactions in the majority of cases, However, he obtained’ - -

besically the same results from diathermy and dath procedures, :

rendering any conclusions as to the epecific effects of UHF on the .-

central pervous system doubtful, He concluded that all three pro- :

cedures altered the functional state of the CIS, which undoubtedly

plays a prominant role in the positive sffects of therapy.

As regards the hygienic aspects of human exposure to micro-
vaves, it should be noted that this area of concern is of interest
<0 both the military and civilian commmnities, The Soviet military
medical service bas played an sctive role in sssessing hygienic
conditions and the state of vorkers expised to radar filelds, .
Kapitanenko [31] conducted a clinical investigation on 100 young
wmilitary personnel (66 -cxmiued to radar, 34 coatrol). UHF fields
vers generated by deci eter end centimeter mutor-. He 414 not
provide any dcsimetry dats.

Kapitanenko soncluded that the pervous system vas the first

systea to react to UHP, and that the severity of peurological dis-

. orders vas a function of field intensity and duration of exposure.
Asthenia vas a prominant neurological symptom of the deleterious

-effect of UHF, Cardiovasculer disorders, also observed, were not:

]
- <

sharply proncunced and were judged to ta reversidble, No specific
therapy for UHF syaptoms is knowm, although positive results bave
‘been obtained from: 1) intravenocus injection of a 40% glucose,

5% ascordbic acid solution (dose and frequency of administration
pot given); 2) a strychnine and securinine solution (dose snd sd-
winigtration details wot given); 3) glnseng (o0 details given);
and 4) 0,005 g of didasol three times per day, -




In hil book revieving hygienic prohblems of humen exposure
alcroveve-range ENP's, Osipov (1965) [32] considared data from

to

b ¢
:thchnanm system andl other systeas. Among the many buman
CNS symptoms of microvaves connistently reported by Soviet observers
are: loss of memory, migraine headaches, insomnia, dizziness, 1r7i-
tability, dermogrsphism, and loss of appetite, Autoovcmic disorders
have been charicterired by changes {n cardisc, bepatic, and gastro-
4ntestinal function, As Osipov sees it, sutcnomic dystoniz is a
comson sywptonm of exposure to microvaves, Eo concluded that the
most common And persistent neural sywptoms of microwvaves are neur-
ssthenia end autoncmic (primarily vagotonic) dystonis, These
ayeptoms are also Observed as a result of exposure to the combined
effects of microvaves and x-rays. Most uicrovave-induced shifts
‘are reversible, e.3., pathologicnl damage td neural structures is
‘usually insignificant, according to Osipov. Rarely, microwvsves caa .
‘cmuse ballucinatiors, syncope, end edynamia (the diemcephalic .
. Osipov feels that the effects of EMF's are qualitatively
ddenticel vithiu a wide spectrun (from long to ultrashort vaves,
‘100 ke to 30,000 ke), Ris opinion is well borne out by the articles
ivevieved in this report, and although he does not discuss prodleas of

F exposure to purely N?nic and electric-fields, it should be roted
that Vyalov ¢i al.[38) mention many symptcoas eh:racuuaue of micro-

“veve effects (:sedaches, tremors, slevated pain senmsitivity, dernog-

§ sathism) in workers exposed to constant megnetic fields (150--1500 c2).
 Asanova [39] reported charscteristic microveve symptoms (dermographisa,
" eardiovascular shifts, trumors, hyperhydrosis, hesdache, fatigue,
asthenia, drovainecs) in vorkers exposed to electric fields

{115=~125 u emp) 1n 400-=500-kv hydroelectric stations.

RO . Osipov also notes reports of reduced sexual potency and dalde .

F3ss induced by microvave-range EMP's. He feels that the latter

umu attriduted to the neurasthenic syndrome, although he states
& "psychological factor” should not be discounted,

It should be menticned that Osipov, uniike Presssn, XKholodov,
sod others, 1s ipclined to regard the loveintensity
auuemm a8 "microthermal™ effects rather than non-

" eluge —ince Osipov's couprehensive reviev, there bas beea a virtual
i Saluge of articles from the Institute of Industrial Hygiene and

-: Oacupational Diseases devoted to the hyglenic aspects Of meter-toe
;,m?"hr-rm fields, Here the military effort sboald not be be-
o Emurove et al, [33] investigated medical persomnel working
. m fh‘;:thluw generstors (1.6 to 2450 me, A equals 184 m to

L
3
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found that vorking conditions around these sources
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exceeded permissible exposure limits, €.8., 20 v/a OF 10 gy/cp? by
a5 wuch 83 tvo orders of magaituda (1701000 mv/ca2), Here agatn
the charscteristic EMP syndrawms vere noted (besdachs, irritenility
inscunis, chest/pain, derzogrmohism, scrocysncsis, hand tremcr, etc.),
Inpeirment of light sensitivity and dark sdaptation were juiged to
reflect increased CNS sensitivity. The characteristic cardgee .
. symptcus vere also noted. Smurova concluded that the vide weve range

" ef fields studied were deleterious to human health, an obeervgtion

vhich agrees with the £indings of Osipov (32]. T

Drogichina et a, (1966) (34] concentrated on the mitenocmic and
cardiovescular disorders of personnel exposed to niCrOVaVe-range fields
up to a "fev mw/cue® in intensity. Along with the fenlliar asthenic
syodrome, this group found that sutonomic cardiac disorders upie the
most persistent characteristic of exposure to microvaves, .They 4lgo
stiributed diencephalic disturbances (interesting in view of‘the theo-

: :tied material discussed in this report) and coronary spaiss to
crovaves, e

Fukalova [35) scught to establish permissible limits for pere
scnnel exposed to shortvave (6==450 v/m) and ultrashort-waw
(4=220 v/a) scurces, She concluded that all cbserved Ci8
cwised by these EMP's vere aggravated by inefficient work.

Fatigebility wvas the most prominent of the faziliar CIS s
observed,

To establish exposure norms, Mukalova exposed animals 0 lhe,
88-, and 63,7-nc fields (5000 v/m) and found that anicals in the
ultrashort-vave range vere killed wvithin 5 min, vhile 1 hr ani A0 nin
vas required for desth in the shortvave field, She found the pon- -
thermal threshold intensity (no incresse im boly tempersture) for
ultrashort vaves vas 150 v/m apd for short vaves, 2250 v/mz. Chronic
(duration not specified) exposure ¢0 these intensities caused s da-
crease in medulls oblongsta cholinestersse activity more rspidly during
exposure t0 ultrashort wvaves than during exposure to short waves.
Brain biopotentials vere depreseed. An ultrashort-vave intewsity of
10 v/ and a shortvave intensity of 50 v/m vere found to be "thre
irritants,” As 1in lobanova's study (7], an ultrashort-vave intensity
of 150 v/m vas sufficient to cmuse thickening of neural fibers, Pro-
toplasrdc svelling and vacuolizstion in the thalamo-hypothalamic ared
and medulla oblongats, and local karyocytolysis of individual peurons.
Shriveling of occasional corticsl pyraaid cells and neurom vacuoles
ves also noted, On the basis of these data, permissidle hunan ex-
posure intensities (duration of exposure not given) were set at 5 v/a
for ultrashort-vave fields and 20 v/a for shortwave fields,
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The Soviet military mcdical service regards the peural 2od
other effects of microwvave-range EMP's no less seriously thsn the
civilian cosmunity, Professor I. R. Petrov [36), a Major General ’
in the medical service and wember of the Academy of Medical Sciences
USSR, concurs with the findings of the civilian commnity in th3t &
microwave-field intensity greater tban 10 mv/ca? constitutes s thermal :

bazard, and that microvave-rangs EMF's directly affect the human CXS.

Panov [37] 4o s recent article not only sgrees that microvsve-
range EMF's directly effect humen neural processes, thyt classifies
these effects into three familiar symptoms: 1) the neurasthenic syne
drome (reversidble), smdulatory treatment indicated; 2) sutowomic
vagotonic dystonia (occasionally stable and irreversidble), bed rest
indicated; and 3) the dlencepbalic syndrowe (visceral dysfunction,
hyperscunis, hypokinesis, latent or overt hyyothalemo-hypopboseal~
adrensal dspression, dspressed sexual ard food reflexes), Diencepbalic
changes are not alvays reversidle and bed rest {s tndicated,

Thus, this section veflects the unanimity of the Soviet
civilien and atlitery commnities, vhich feel that microvave-range
BF's (adove 10 mw/cm@) constitutes an occupational hasard and that
these fields affect the bumsn central nervous dystes. Scme of the
clinical cbservations discussed in this section would tend to support
the findings of such researchers ss Presasn, Kholodov, Kamenskiy, and
others, vho feel that microvaves exsrt a specific or nonthermal effect
on peural structures.

Discussion

From the foregoing material, little doubdt can remain th
najority of the extensive Soviet cocumunity concermed with the dio-
logical effects of BMF's (and MP's) are of the Opinion that the
fields, especially in the microwvave range, directly affest
structures and that aeural structures (espectally the CH8
208t sensitive to microvave-range EMFPis, CHNS effects have }
served as a result of exposure to doth nonthermal snd thermal ine I
tensities of pulsed and nonpulsed microvaves. The research of the .
military and civilian commnities has been largely parallel, There ‘. .
is sowe recent evidence that purely magnetic snd electric fields ..
can be included as microvave-like CIS stimuldi, _—

At e present time, Soviet opinion holds thet EMPfe: 1) affect
the structurs and chemical reactivity of peural cells (Pressman ’ !
(5,6,8], xnolodov {10,25,27], Xmmenskiy [11], Tolgskays [b], . !
Livahits (1,2], and Lovenova (7] and others; 2) thst they may also i
1
!

¢

L4

neur
e
been

effect the moleculsr structure of neural structures by virtus of .
Tesonant or other ebsorption (Presman {5,6]; and 3) that the offects
of EMr's are qualitatively analegous for a wide frequency range



(100=30,000 kc) and that nonthermal effects may, in fact, be of & ‘( :
"aicrotherzal” nature in the absence of more concrete evidence to
the contrary (Oeipov [32] and Presman [6]).

The relstionship betveen Osipov [32] end Presmaa (6] should
be mentioned since there is a slight dissgreenent betwveen the two
relstive to the nonthermal effects of microvsves, Osipoy, vhile ad- :
mitting there is evidence that microvaves have a blological, and Te ©d
especially a neural «ffect at field intensities which do not produce . "
verceptidle thermoiynemic charges, fesls that it is experimentally - !
impossidble to demonstrate & specific, e.g., nomnthermal, microvave -
effect by comparing that allcged effect with a thermocjuivalent con-
trol, He reasons that since biological objects are electrically
heterogenecus and since microwvave-range RMF's have a koovn selective: -
thermal effect on variocus tissues and organs, a difference détwveen a
nicrovevs effect and e neutral kest effect is not necessarily due to
an unknown extrathermal fector, btut might vell be & function of en
uneven distritutior of hest in the organisa vhich could exert its owa .
- peculiar effect. The specific action of a microwave ENP, in Osipov's
viev, should only be understocd as a demonstradle transfer of ENF
energy into nonthermal energy. He therefore feels that the many . |
alleged "nontbermal™ microvave effects accepted by Presman may vell
be "microthermal” effects in the absence of conclusive experimentsd ..
evidence to the comtracy. :

. Presnan, on the other hand, i{s wore inclined to delieve that
if a aicrovave EMF does not result in any perceptidle temperature
shifts in an organita, thea any chenge in its behavior, function,
or structure can be attrituted to the nonthermal mechanism of the.
EMF, even if it is experimentally impossidle to demonstrate that
thermogenic sl nonthermogenic EMF intensities cach give rise to°
different reections. In short, Presman feels that there is smple
evidence of the noathermal effects of microvave-range B{('s by virtue
of an ebsolute temperature criterion vhile Osipov feels thst, wiile
ponthermal effects are entirely possidle, they have not as yet deen

- a8 well substantiated physiologically as thermal effects.

Far from adating, Soviet ressarch efforts in this ares shov
every indication of coatimuing at their present pace or even in-
tensifying, as reflected in the receat large review articles,
chiefly by Presnan and Osipov. Presman's last comprehensive reviev,
1ike Osipov's, wvas published in the last half of 1965, At the tine
of that writing, he estimated that spproximately 1000 works had deen
Published on the blological and medical aspects of microvsve-renge
EMP's. That reviev, unlike his previous ones, concentrated hesvily
on the possible mechanisus of EMP bBiologicel effects. Mast of the
recent articles discusved in the 1965 review were cited by him s
evidence of thermal, and, most inmteresting, nonthermal or specific
effects of EMP's, ‘herefore, it would pot be inprudent to expect
that more attention will be paid to the diophysical mechsnisws of none-
thermal RMF neural effects than has been in the past, although at
the presents time, there is little evidence to support this expectation,

27
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‘What the purpose is of such iztense neuraily oriemted ressarch
{a the reala of microwvaves, by Soviet theoreticiars and practitioners

13 pot entirely clear to this observer. While Osipov [32] states -
that thermal intensities dre encountered much less frequently under " " ...

{ndustrial condilions cving to improved hygienic practice, citaiecal '

evaluaticns of the potsatial hazards of nonthermal intensities son-
tizoue at s stesdy pace despite his thmory that so-callsd nonthezsal o
sffects night vell de "microthermal”,

Presman [6] speculates that microvaves can be daveloped into
s valusdle tonl for evalusting the physical, cherical, and, especially,
molecular properties of tissues. The therapeutic uses of nicrovaves -
have been well established, Cousidering the rapid davelopment of -

laser technology, it seems logical to expect tbat Soviet ‘theoreticians, ,,,,
researchers, and hygieniats vill eoon turn their attention to the bBioe --:z-:

logical, and perhaps even neursl, effects of this factor, ' The Soviet: -
use of lasers for ocular surgery is already well known (Helzholtxz Ine

stitute of Eye Diseases). Recently, the first Soviet report to come e

to the attontion of this obsecver on the biological effects of ruby - ..
laser radietion ves pudblisaed, Gorodetskiy et al, {42] descrided
experisents desi to study the laser adsorption characteristics

of blood, okin, cle tissus, wnd various other animel organs ard
tissues, NO peural structures werw msentioned, nor had any of the

authors! names ever deen notsd {n comnection vith microwave-oriented
biological research. It seeums reasonadle to speculate, hovever, that

the valuadle experience gathered Ly microvave researchers would resdily
lend itseif to laser prodlsms,

Of incidental interest relative to the possible ramifications
of microvave research is the receat sanouncewent [40O] that e special
bioinformation section has deen orgamized under the asgis o2 the )
Moscow Board of the Scientific-Technical Society of Redictechnology
imeni A. 8. Popcy. The purpces Of this secticn is to study pare~ _ -
psychic phencaena; it 1s couposed of redioengineers, technologists, )
hypnotists, medical doctors, bioclogists, and physiologists, includ-
ing A, 8. Presmen, Yu. I. Ksmenskiy, and Yu. A. Kholodov, the three
leading Soviet spokesaen for the nonthermal effects of microvaves =~ °
(and magnetic fields) on meural structures, This group held its = . .7
first meeting om 11 October 1965 to discuss “Scue Prodlems of Pers~- Tt
peychology,” The secticn vwill proceed to snalyzs the world liters-
ture on parapsychic pheanomena, to record and classify observebls
Cases of "spontanecus” telepathy, and actually conduct oxpericents ’
dealing vith naturally reproducidls telepathic phencuwens., Professor )
and Doctor of Technical Sciences I, M. Xogan, Chairman of this Bioin-
forestion Section, stated in the anncuncement that, “The ora of sea-

Sation coocerning telepathic phencmena is over. There is no nced t0
dispute its existence, but rather a need to investigate its mstures’
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. Since the initial sancuncewsct of the organization of this
section in early 1566, orly one additioasl Bit of information has - .
come to the attention of this cbeesver ccncerning the actusl fune- . . -
tion of that sectioca [4l). This unsigned nevspeper article pube  ~rit
1ished on 9 Octoder 1966 menticus the familiar name of Yu. I, Kmmene'

skiy as a participant in & telepatbic experiment designed to differ-

entiste the effects of & normal acd hypnotic state on memtad . =

suggsstion,

.
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Atcossion Neu
“This coaprehensive report is on Sovi¢t ¢ an s:ureo'n published 1952-1966 . BAss
A% & few sources published earlier, primary purpuse of the report is to cutline .

t Tesearch on the effect of low-intensity microwave radiation on the ceatrsl nerv-
* iystem of livirg organisms, including man, There are aix sections in the reperts
kope of effort: organizations and individual researcherss (2} Subject developsenti:
) Specific neural functions and structures; bi In vive neural effecta;|S) Neural =
“‘:;:10:1 1ovotroquenc§' electromagnetic and maguetic fields;i5; cun:lca}'. ﬂlc;itptuum
enic. aspects. eh-of-these-oections- may-be-read-independently. . Se Plscua~
sbieh follews summarizes important facts and deductions from th:l;oxf-gomw
and apeculates on the intensity and type of Soviet research efforts.in this ared
e future, The bibliography at the end of the report includes 42 entries.. (5
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